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Abstract
Cocoa is rich in several bioactive compounds, notably flavonoids such as catechins, epicatechins, and
proanthocyanidins. These compounds exhibit strong antioxidant and anti-inflammatory properties,
contributing to various health benefits. Additionally, cocoa contains methylxanthines like theobromine
and caffeine, which can influence mood and cognitive function. Cocoa beans and cocoa-based products
commonly include polyphenols. Consumption of products high in polyphenols, such as cocoa beans and
their by-products, could assist in reducing inflammation and oxidative stress because polyphenols fight
inflammation. Cocoa bean shells can serve as a useful ingredient or supplement in developing different
and functional meals since they may contain valuable substances and nutrients like fibre, proteins,
minerals, vitamins, and a wide range of polyphenols. Catechin, epicatechin enantiomers, procyanidin B2,
and methylxanthines are among the flavonoids found in higher concentrations in cocoa. These
characteristics suggest that chocolate may hold potential as a complementary agent in the treatment of
colon cancer. Cocoa bean shells have long been recognised for their ethnopharmacological importance
and have been used since the early days of traditional medicine. Due to their potential health benefits,
they are being studied for possible pharmaceutical applications in managing various chronic diseases. A
special focus has been placed on its cardiovascular benefits and anti-inflammatory qualities and its
antiatherosclerosis, anticancer, antifertility, and antihypertensive qualities. More investigation is required
to completely understand the mechanisms of action and establish suitable dosage guidelines for maximising
cocoa's potential health advantages.
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1. Introduction

The most significant and widely consumed nutritious food in the
history of humanity originated from the fruit seeds of plant cocoa
tree, Theobroma cacao L. (Malvaceae). Cocoa was first used by the
Mayan and Aztec civilizations more than 3,000 years ago for dietary
and medical purposes. Reaching 60% in both oligomeric
(procyanidins) and monomer (epicatechin and catechin) forms is
cocoa. Flavonoids typically comprise about 10% of the dry weight
of cocoa powder, although this can vary depending on the production
process. Colorectal cancer is expected to account for over 52,000
deaths annually; however, it is highly treatable when detected early,
emphasizing the importance of regular screening and early
intervention. United States, New Zealand, Canada, Australia, and
other regions of Europe have the highest rates of colon cancer (Abarca
et al., 2010). Colorectal cancer is widely believed to cause over 52,000
fatalities annually, but it is also highly treatable if detected early,
underscoring the significance of testing for cancer in individuals.

Colorectal cancer prevalence seems greatest in the United States,
New Zealand, Canada, Australia, and several regions of Europe
(Hernandez et al.,  2019). Cancer is generally described as a multistage
process involving three main phases: initiation, promotion, and
progression. Cocoa, sourced from the dried and either fermented or
unfermented seeds of T. cacao, boasts the highest flavanol content
by weight. It plays a crucial role in overall flavonoid intake (Nas et
al., 2017). Many people consume more cocoa products than other
foods high in bioactive chemicals with comparable qualities, such
as soybeans, wine,  and  tea with caffeine. Cocoa contains  bioactive
compounds, particularly flavonoids like epicatechin, which exhibit
antioxidant properties that may influence insulin resistance and
glucose metabolism.  Plant-based products have been used for a long
time as treatments for many medical conditions. These compounds
have been shown to enhance insulin signalling pathways, such as
PI3K/AKT and AMPK, in insulin-resistant liver cells, leading to
improved glucose uptake and reduced glucose production.
Additionally, cocoa flavonoids can activate redox-sensitive pathways,
including Nrf2, promoting the expression of endogenous antioxidant
defence genes and mitigating oxidative stress associated with type 2
diabetes. The portion of cocoa obtained from shell-free cocoa nib is
referred to as a “cocoa component”; examples of such fractions
include chocolate liquid, partially or fully defatted cocoa solids,
cocoa extracts, cocoa butter and cocoa nib (Kofink et al., 2007). By
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lowering the level of oxidative stress, eradicating viral infection,
blocking cell development, and blocking or regulating metabolic
processes, botanical medicines or phytonutrients were effective
against liver disorders (Nadeem et al., 2022). The biologically active
ingredients in chocolate products were related to multiple adverse
effects. The antioxidant and anti-inflammatory properties of cocoa

components are believed to be linked to several types of medicinal
positive aspects, and consumption of chocolate and cocoa products
has been associated in multiple epidemiological studies with a lower
risk for serious diseases (Ellam et al., 2013). To elaborate, dietary
supplements containing polyphenols have been employed as an
adjunctive treatment measure.

Figure 1: Theobroma cacao L. fruit and foliage.

For many years, chocolate was solely consumed for enjoyment,
but studies conducted in the past 20 years have revealed that,
because of their high polyphenol content, cocoa and dark chocolate
may offer significant health benefits. Numerous preclinical
investigations conclude that dietary polyphenols can have a positive
effect when consumed in substantial amounts (Hu et al., 2007).
This raises the knowledge of medical professionals by enabling
whole foods to deliver nutrients and other beneficial components
to different parts of the gut (Vaidya et al., 2022). The polyphenols

found in cocoa, similar to those in green tea, are believed to exert
beneficial effects on cardiovascular health, cholera, tuberculosis
consumption, scarlet fever, smallpox, typhus, and yellow fever, as
well as neurodegenerative diseases, changes in the lipid digestion
system, inhibition of low-thickness lipoprotein (LDL) oxidation,
reduction in the sequence of atherosclerotic injury, inhibition of
platelet accumulation, decrease in the production of vascular cell
grip atom, alter endothelial capacity, decrease in pulse, and anticancer
activities shown in Figure 2.

Figure 2: Effects of polyphenols on Theobroma cacao L.
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2. Nutritional and chemical composition

The proximate composition of cocoa bean shells resembles the
composition of cocoa beans and consists of proteins, lipids,
carbohydrates, moisture, and ashes. In contrast, cocoa beans and
cocoa bean shells have a significantly lower percentage of lipids but
a significantly higher fibre content (Martin et al., 1994). In comparison
to other cocoa by-products like cocoa pods, CBS also includes larger
levels of proteins, lipids, and carbs (Perez et al., 2015). Agus et al.
(2018) reported that the ash concentration in cocoa bean shells ranged
from 5.96 to 11.42 g per 100 g, as shown in Figure 3. They observed
that the concentration is modified by the roasting process, which
raises it by around 15%. According to Osundahunsi et al. (2007), the
principal elements in cocoa bean shell ash are sodium and potassium
(7.2 and 3.1 g/100 g of ash, respectively). Studies on the protein
composition have shown that proteins make up between 10.30%
and 27.40% of the dried weight of cocoa bean shells.  Some researchers
have thought about using this by-product as a source of protein that

can be extracted (Osundahunsi et al., 2007; Belscak et al., 2018). The
complete amino acid profile of cocoa bean shells is 44.7%. D-amino
acids, which constitute a small fraction of the total amino acid content
in cocoa, tend to increase in proportion during roasting due to
racemisation, a process influenced by heat, pH, and time. These D-
isomers are generally less digestible than their L-counterparts, leading
to reduced nutritional value. However, they play a significant role in
flavour development during fermentation and roasting, contributing
to the characteristic taste of cocoa products (Bonvehi et al., 1999;
Chung et al., 2003).  According to the literature, carbohydrates
constitute 7.85-70.25 per cent of the dry weight of CBS, as shown in
Table 1. Figure 3 shows that it varies widely depending on whether
fibre content is included and since subtraction is frequently used to
calculate them, adding to the unpredictability. For digestible
carbohydrates, the cocoa bean shell is largely composed of available
carbohydrates along with very little insoluble sugar, which has been
deemed insignificant in certain studies (Martinez et al., 2012).

Figure 3: Nutraceutical composition of fruit pulp of T. cacao .

Table 1: Nutritional values of Theobroma cacao L.

S. No. Parameter  Amount References

1. Ash (g/100 g) 5.96-11.42 Adamafio et al., 2013; Arlorio et al., 2001

2. Carbohydrates (g/100 g) 7.85-70.25 Abarca et al., 2010; Belscak et al., 2018

3. Soluble sugars (g/100 g) 0.16-1.66 Bonvehi et al., 1999

Starch (g/100 g) 0-2 .80 Martin-Cabrejas et al., 1994

4. Dietary fibre (g/100 g) 39.25-66.33 Perez-Santana et al., 2018

Insoluble fibre (g/100 g) 28.34-50.42 Lecumberri et al., 2007

Soluble fibre (g/100 g) 7.03-16.91 Vojvodic et al., 2016

5. Energy (kcal/100 g) 122.00 Rojo-Poveda et al., 2019

Fats (g/100 g) 1.50-8.49 Vojvodi et al., 2016; Bonvehi et al., 1998; Belitz et al., 2009;
Abarca et al., 2010)
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6. Flavanols

Catechin(mg/g) 0.18-4.50 Hernandez et al., 2019; Jokic et al., 2018; Papillo et al., 2019

Epicatechin (mg/g) 0.21-34.97

Procyanidin B1(mg/g) 0.55-0.83

Procyanidin B2 (mg/g)  0.23-1.38

7. Methylxanthines

Caffeine (g/100 g)  0.04-0.42 Samanta et al., 2022; Cooper et al., 2008

Theobromine (g/100 g) 0.39-1.83

8. Moisture (%) 3.60-13.13 Agus et al., 2018; Bonvehi et al., 1998; Rojo-Poveda et al., 2019

9. Pectin (g/100 g) 7.62-15.59 Arlorio et al., 2001; Mollea et al., 2008; Nazaruddin et al., 2011; Chan et al.,
2013

10. Polyphenol content

Total flavonoid content 1.65-40.72 Nsor-Atindana et al., 2012; Lecumberri et al., 2007; Barbosa-Pereira et al.,
2018

Total phenolic content 3.12-94.95

Total tannin content 1.70-25.30

11. Proteins (g/100 g) 10.30-27.40 Ogunsipe et al., 2017; Sandoval et al., 2019

12. Vitamins

B1 (g/100 g) 0.70-3.10 Bonvehi et al., 1998

B2 (g/100 g) 0.90-3.10

B6 (g/100 g) 0.52-2.52

D (g/100 g) 0.25-0.53 Bonvehi et al., 1998; Knapp et al., 1935

E (g/100 g total
tocopherols/g CBS fat) 1.02 Okiyama et al., 2019
Volatile organic compounds
(aromatics; g/100 g) 4.92-16.10 Barbosa-Pereira et al., 2019

2.1 Dietary fibre

Dietary fibre is crucial to a healthy digestive tract because it helps
with appropriate transit. The dietary fibre in CBS has several
additional biological properties, including lowering lipid and glycerol
levels inthe body, resulting in reduced risk of heart disease, and
delaying the development associated with diabetes by slowing the
absorption of glucose (Rusconi et al., 2010; Bonvehi et al., 1998).
The structured carbohydrates, or non-starch polysaccharides, make
up the dietary fibre of CBS. Because human enzymes cannot break
down the remains of plant cell walls that make up this substance, it
has no nutritional value. Various studies have outlined the methods
used to determine CBS fibre content, revealing significant variations
in the reported values. Gravimetric techniques are commonly
employed within dietary fibre evaluation, as they include the non-
starch polysaccharide fraction as well as “Klason lignin” fraction,
which can occasionally be formed by complexes resulting from
relationships between the tannin and amino acids and maillard process
products along with lignin (Redgwell et al., 2003).

The by-product of cocoa processing is cocoa bean shells (CBS),
which contain dietary fibre levels comparable to those found in
cocoa pods. However, CBS distinguishes itself by having a higher
proportion of soluble dietary fibre (SDF), which is associated with
notable bio-functional properties. These properties include the

potential to lower cholesterol levels, regulate blood glucose, and
provide antioxidant benefits. The elevated soluble dietary fibre (SDF)
content in CBS enhances its value as a functional ingredient in food
products aimed at promoting health (Martinez et al., 2012). Several
findings have focused on the pectin component of CBS fibre, which is
mainly composed of galacturonic acid. This has been mainly due to
its intriguing gelling capabilities, which are highly beneficial in
industries including food, medicine, and cosmetics.

3. Bioactive compounds

T. cacao, the highly valued tropical plant used to produce chocolate,
is also home to a multitude of bioactive chemicals that add to its
appeal and possible health advantages. The study of these substances
belongs within the field of phytochemistry and provides insight into
the complex chemical makeup and biological functions of this well-
liked plant.
3.1 Alkaloid

Cocoa naturally contains two primary alkaloids, theobromine and
caffeine. Theobromine is present in higher concentrations than caffeine
and is considered the main alkaloid in cocoa. While both compounds
influence the central nervous system, caffeine is known for its strong
stimulating effects, whereas theobromine exerts a milder influence.
Theobromine primarily acts as a vasodilator and diuretic, with
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minimal direct stimulation of the central nervous system. Despite
its moderate effect, theobromine contributes to the mood-enhancing
properties of chocolate, offering a subtle sense of well-being without
the pronounced stimulation associated with caffeine (Zeng et al.,
2022). Alkaloids add to the distinct flavour of cocoa and have been
related to certain mood-boosting qualities, which enhance the
enjoyment of consuming items made with cocoa. Alkaloids also
improve the cardiovascular system by increasing blood flow and
vasodilation (Nehlig, 2013).

3.2 Carotenoids

Antioxidant properties like carotenoids are commonly known as
protecting cells from oxidative damage brought by free radicals.
Although present in smaller amounts, carotenoids enhance the
antioxidant capacity of cocoa, contributing to its potential health
benefits. Although, carotenoids are less abundant in cocoa than other
chemicals, they do play a role in the broad colour spectrum of cocoa
beans. Beta-carotene represents a particularly significant carotenoid
present in cocoa (Andarwulan et al., 2021).

3.3 Essential oils

Cocoa butter is a key product obtained from cocoa beans and the
main ingredient in chocolate, serving as a significant source of essential
oils. It has a distinct flavour and fragrance of cocoabelongs to these
oils, which helps toimprove the sensory experience by consuming
the products containing cocoa. Compared to certain aromatic plants,
cocoa is lacking in large amounts of essential oil, but it contains small
quantities of volatile molecules. Moreover, the essential oils had a
major impact on the overall sensory appeal despite their very fragile
presence (Edo et al., 2022). A major factor in the cultural and culinary
appreciation of this prized commodity is the unique aroma and
flavour of cocoa. The importance of the essential oils to the whole
flavour experience should not be undervalued, even though they are
not the main emphasis of cocoa.

3.4  Flavonoids

The polyphenolic compounds found in abundance in cocoa beans
are known as flavonoids. Cocoa has different subclasses of flavonoids,
such as procyanidins, epicatechins, and catechins. These compounds
are distinguished by their complex molecular structures of molecules
(Manju and Pushpa, 2020). Strong antioxidants and flavonoids play
a vital role in fighting against oxidative stress and dangerous free
radicals. Such as epicatechins and catechins not only provide major
health advantages but also contribute to the bitter taste of cocoa
(Nwosu et al., 2022). They have been linked to better cardiovascular
health in part because reducing inflammatory processes while
encouraging the arteries in the body to function normally. Another
subclass of flavonoids included in cocoa, is procyanidins, having
many cardiovascular advantages. Flavonoids, which are antioxidants,
increase the total antioxidant properties of cocoa, highlighting the
possibility of benefits to human health (Onyibe et al., 2021).
Furthermore, studies on flavonoids, as well as a deeper comprehe
nsion of their physiological effects with cocoa consumption may
reveal even more important health consequences.

3.5 Glycosides

Glycosides are a class of chemicals in which an aglycone, a non-
sugar component, is linked to a sugar molecule. Theobromine serves
as the main glycoside which is found in chocolate. Theobromine is

not as easily absorbed by the body as other glycosides. However, it
releases the active theobromine during metabolism, which adds to
the mildly stimulating effects of cocoa (Martinez-Pinilla et al., 2015).
Vasodilatory effects of theobromine are well-known; they enlarge
arteries and veins and may improve blood flow. Furthermore, it has
modest diuretic properties that help the body get rid of extra fluid.
Glycosides have attracted significant attention because of their
possible health consequences. Glycosides contribute to the unique
biochemical composition of cocoa, making it an interesting subject
for scientific research (Soares and Oliveira, 2022).The prominent
features of the obromine are its vasodilatory qualitieshelp to enlarge
arteries, widening blood vessels, thereby improving the blood flow.
Moreover, it also has slight diuretic properties, which help the body
to get rid of extra fluid. Although, theobromine is a significant
glycoside found in cocoa and because potential health effects. These
compounds contribute to cocoa’s unique biochemical profile, making
it a compelling subject for scientific investigation.

3.6  Phytic acid

Phytic acid is a unique natural chemical found in plant seeds and the
main functions as the primary type of phosphorus storage. It has
received an enormous amount of attention because of its impact on
mineral absorption. Phytic acid is sometimes referred to be an
antinutrient since it prevents the absorption of iron, zinc, and calcium,
potentially leading to mineral deficiencies (Akpoghelie et al., 2022).
Moreover, Legumes, grains, nuts, and plant seeds all contain phytotic
acid with a concentration of 0.98 g/100 g. Erhonyota et al. (2022)
identified several methods that can be employed to lower the level of
phytic acid in food, including soaking, sprouting, and fermentation.
In addition to protecting against damage from oxidation and resistance
to insulin, phytic acid may have other advantageous health effects.
Phytate-rich foods may provide a risk to individuals who follow
vegan or vegetarian diets or who consume large quantities of them
(Edo et al., 2022).

3.7 Saponins

The saponins are a subclass of terpenoids, the largest group of plant
extracts. Saponins are amphipathic, they can act as surfactants and
interact with phospholipids and cholesterol in cell membranes, which
could be useful in the production of pharmaceuticals and cosmetics
(Hassan et al., 2021). The main function is an antifeedants and shield
plants against bacteria and fungi. Certain plant saponins, such as
those found in spinach and oats, help animals digest food better and
absorb nutrients more readily. Since saponins typically have a bitter
taste, they may potentially harm animals or make plants less
appetizing when used in cattle feed. Certain saponins are toxic to
insects and cold-blooded animals in certain amounts (Edo et al.,
2022). Blood lipid levels, blood glucose response, and cancer risk are
all decreased by saponins. Saponins are naturally occurring
compounds found in a variety of plant-based foods and herbs. They
are particularly abundant in legumes such as soybeans, chickpeas,
lentils, kidney beans, and peanuts. Other notable sources include
asparagus, spinach, onions, garlic, oats, tea leaves, ginseng roots,
and liquorice. These compounds are recognised for their potential
health benefits, including cholesterol-lowering effects and immune
system support. However, it is important to note that saponin
content can vary based on factors like plant species, growing
conditions, and processing methods (Akpoghelie et al., 2022).
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3.8 Terpenoids

Cocoa contains terpenoids in various amounts that may have a wide
range of possible health advantages, although they are less investigated
than other bioactive substances. According to Nwosu et al. (2022),
these chemicals may have anti-inflammatory and antibacterial
activities in addition to contributing to the distinctive flavour of
cocoa. The  significance  of  terpenoids  in  the  composition  of  the
bioactive chemicals in cocoa is highlighted by their possible
involvement in boosting the body’s defence mechanisms.

3.9 Phenolics

Phenolics, including procyanidins, flavonoids, and catechins, are a
significant class of bioactive compounds in cocoa. These phenolic
substances give cocoa its unique flavour and scent, which are essential
to its antioxidant qualities (Melo et al., 2021). Cocoa beans contain
aromatic compounds and antioxidant capacities that help protect
the human body against damaging free radicals, reduce oxidative
stress, and possibly lower the risk of several chronic illnesses,
including heart conditions and some forms of cancer. These phenolic
compounds are also linked to anti-inflammatory properties (Lee et
al., 2003).

4. Phytochemical and medicinal uses

In addition  to carbohydrates,  the most  interesting  and  studied
components in CBS are polyphenols, which are also largely
responsible for the biofunctional properties of the cocoa byproduct.
These substances are found in all foods derived from vegetables and
are widely known for generating a variety of biological actions.
Flavonoids are a unique class of polyphenols, of which the major

group in cocoa is flavanols (Wollgast and Anklam, 2000). Although
they are not necessary for immediate well-being, accumulating
research indicates that moderate long-term consumption of
polyphenols may have various health advantages due to their
antioxidant qualities, scavenge free radicals, and ability to lessen
oxidative stress. They can participate in processes that have anti-
inflammatory effects, antidiabetic effects, or lower the risk of
several illnesses,  including cancer,  chronic  illnesses,  cardiovascular
disease, and even neurodegenerative disorders (Vauzour, 2014;
Hussain et al., 2016: Rodriguez-Mateos et al., 2014). Approximately
422 million individuals globally suffer from diabetes, with the
majority residing in low and middle-income nations. The disease is
directly accountable for the 1.5 million fatalities that occur each
year. In the previous decades, there have beeninstances of ongoing
increase in both the number of cases and the incidence of diabetes.
Natural supplements and herbal medicines featuring fewer side effects
are being proven as possible diabetes treatments that may enhance
patient quality of life (Sanjeev et al., 2021)

4.1 Cocoa nutshell

Cocoa shells may also provide health benefits for people with
excessive cholesterol and this product was rich in soluble dietary
fibre and contained significant amounts of antioxidant polyphenols.
Additionally, it reduced lipid peroxidation, which in turn reduced a
number of cardiovascular disease risk factors. The nutritional benefits
of cocoa bean shells have also been shown since they lower food
intake and body weight growth. (Perez-Santana et al., 2018) present
another study that demonstrates the possibility of soluble dietary
fibre.

Figure 3: Flavonoids and alkaloid compounds in Theobroma Cacao  L. nutshell.
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4.2 Cocoa leaves

It is possible that cocoa leaves could be turned into more beneficial
dietary items. Thus, it is essential to make additional use of
plantation residue in the form of cocoa leaves, for example, by turning
them into herbal tea. Antioxidants play a crucial role in reducing the
impact of free radicals, which are intrinsically linked to the
development of degenerative diseases that stem from metabolic
processes within the body. The chemical components found in cocoa
leaves include alkaloids (particularly theobromine) and flavonoids

(particularly catechins). Bioactive compounds termed flavonoids
and alkaloids, which can donate hydrogen atoms or bind metals to
act as antioxidants, can take the form of glucosides (which contain
side chains of glucose) or free-form molecules known as aglycones.
Cocoa leaves also include theobromine, caffeine, anthocyanins, leuco-
anthocyanins, and catechol, with different proportions based on the
leaf’s age, shown in Figure 4. Alkaloids, flavonoids, tannins, saponins,
steroids, and glycosides are among the classes of substances are also
identified by utilizing phytochemical screening techniques in cocoa
leaves (Rani et al., 2021).

Figure 4: Flavonoids and alkaloid compounds in leaves of Theobroma Cacao L.

5. Biological activities of cocoa

The edible portion of cocoa beans has been proven to have numerous
health advantages and primarily due to its high polyphenol content
and flavonoids. As was previously noted, a lot of research has
indicated that these cocoa phytochemicals give cocoa products many
functionalities, like anticancer activity (Martin et al., 2013). Affects
diabetes, a condition advantageous to cardiovascular health,
implications for neurodegenerative illnesses, antibiotic activity, or
characteristics of inflammatory mediators. Furthermore, cocoa
bean polyphenols  are  particularly well-known  for  their  unique
structures that mimic multiple inhibitors and receptor agonists or
inhibitors of various cellular signalling pathways because of the
presence of anti-inflammatory properties (Daglia et al., 2012; Sies et
al., 2005). In recent years, more specifically, many studies have
suggested potential advantages of cocoa bean shell and its by-product
in the food and pharmaceutical industries. More particularly, it has
been noted that antibacterial and antiviral qualities protect against
cardiovascular illnesses in addition to they also have anticarcinogenic,

antidiabetic, neuroprotective, and anti-inflammatory actions. The
mode of action for the functionalities is described in Table 2.

5.1 Antiatherosclerotic activities

Inflammatory illness of the arterial vascular wall is the commonly
recognised theory of atherosclerosis in recent years. To create
an atherosclerotic  fibrous plaque,  inflammation must  occur  in  the
complex processes of cell migration and extracellular matrix (ECM)
synthesis. Plaque disruption at later phases of extracellular matrix
breakdown results in clinical atherothrombotic disorders (Barbosa et
al., 2018). The extracellular matrix’s (ECM) breakdown within a
normal vessel wall is regulated by the interaction of proteinases and
their endogenous inhibitors. However, the production of several
proteinases, including matrix metalloproteinases (MMPS), the
concentration of macrophages, and phenotypically altered vascular
smooth muscle cells (VSMCS) could tip the balance toward matrix
degradation at locations susceptible to fibrous cap rupture. These
inhibitory effects were explained as the result of the kinase MEK1
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directly inhibiting MT1-MMP, a particular membrane-bound MMP.
It is noteworthy that red wine polyphenols, which are well-known
for having a beneficial impact on cardiovascular health, did not show
the same inhibitory effects as procyanidin B2 and CPF.

Thrombin is a multifunctional serine protease that causes proinflam-
matory reactions in the cells of endothelial cells and VSMC, activating
thrombin and MMPs and converting fibrinogen to fibrin, all of which
greatly contribute to vascular injury. It is a potent inducer of MMP-
2 in both cell types andit was discovered that MT1-MMP, the first
MMP linked to the cell membrane, mediates cell migration and several
inflammatory events (Okiyama et al., 2018).

5.2 Anticancer activities

Further studies and growing interest in the potential anticancer
properties of cocoa offer promising prospects for its role in cancer
prevention and treatment (Martin et al., 2016). Research on cocoa’s
bioactive ingredients is still in its infancy, but investigations conducted
on animals and in laboratories have revealed promising results about
its flavonoids and other polyphenols. According to Goya et al. (2022),
one of the main ways that the bioactive chemicals in cocoa may have
an anticancer effect is by functioning as an antioxidant. Flavonoids,
substances that are common in cocoa and are well-known for their
beneficial antioxidant potential, include epicatechins and catechins.
These antioxidants can protect against dangerous free radicals, which
are unstable molecules that can damage cells and have a role in the
emergence of cancer. Antioxidants found in cocoa can protect tissues
against damage and minimise damage caused by oxidative stress,
which may help delay or stop the development and spread of cancer.
Cocoa contains bioactive compounds, particularly flavonoids like
catechins and epicatechins, which exhibit both antioxidant and anti-
inflammatory properties. These properties may contribute to
modulating the body’s inflammatory response, potentially reducing
the risk of cancer development and progression. Chronic inflammation
is associated with an increased likelihood of cancer growth and spread,
and the anti-inflammatory effects of cocoa flavonoids may help
mitigate this risk (Ahmed et al., 2020). Moreover, studies have looked
into the potential of several cocoa-derived chemicals to control the
cellular cycle, known as the process by which cells divide, grow, and
eventually die (Baranowska et al., 2020). Since cancer cells frequently
avoid the regular checks and balances that regulate cell proliferation,
abnormal cell cycle regulation is a defining feature of cancer. The
biologically active elements of cocoa may aid in managing the cell
cycle, halting unchecked cell division and averting the development
of tumours. The capacity of cocoa to cause cancerous cells to undergo
apoptosis is an additional fascinating feature of its possible anticancer
properties. Apoptosis is a normal process of planned cell death that
helps maintain tissue homeostasis (Subramaniam et al., 2019). Cancer
cells frequently avoid dying, which promotes unchecked cell division
and the development of tumours. The bioactive components of cocoa
may cause cancer cells to undergo the process of apoptosis, which
would cause them to self-destruct and stop growing tumours.
Furthermore, research has been done on the possible antiangiogenic
properties of cocoa. Cancer requires angiogenesis, or the creation of
fresh blood vessels, to proliferate and spread. According to certain
research, the flavonoids found in cocoa may prevent angiogenesis,
which might reduce the blood flow to tumours and impede their
growth (Saman et al., 2020). It is critical to consider cocoa as a
component of a healthy diet and way of life rather than as a stand-
alone cancer treatment.

The anticancer effects of cocoa and its main flavanols have
been investigated,  allowing for  the  clarification  of  their molecular
mechanisms of action (Table 3). These studies have collectively
shown that the mechanisms behind the potential chemopreventive
impact of cocoa and its flavonoids are mainly linked to their
antioxidant and anti-inflammatory properties, as well as their ability
to inhibit cell division and induce apoptosis. Furthermore, no studies
have been done with HT-29 cells among the “standard” colon cancer
cell lines (Rossin et al., 2019).

5.3 Antifertility activities

Cocoa beans contain theobromine, a chemical compound that hasa
subtle stimulant quality. Theobromine, as well as caffeine, maintains
a structural relationship, however, the compound’s effects on the
reproductive system are better researched and more noticeable than
the latter. High theobromine dosages have been linked in certain
research on animals to decreased fertility and negative effects on
reproductive organs (Cappelletti et al., 2015). Hence, it is important
to take the antifertility properties of cocoa cautiously, and additional
study is required to completely comprehend its ramifications.
Research has indicated that specific components included in cocoa,
like theobromine, could impact sperm quality and hormone
production (Gabrielsen et al., 2016). These trials, however, frequently
used dosages that were far larger than those that one would normally
take from dietary sources. However, some research indicates that a
modest cocoa intake could not deleteriously impact fertility. The
cocoa has been consumed historically for generations across a wide
range of cultures without seeming to have any deleterious effects on
reproductive health. It is important to understand that everyone’s
experience with the effects of cocoa on fertility is different and that
individual variances, dosage, and duration of consumption can all
affect how the food may affect reproductive health. It is also critical
to distinguish between products that include cocoa and those that
consume it. Although, natural cocoa beans include a variety of
bioactive components, products made with cocoa, like chocolate,
may also contain other elements like sugar and lipids, which have an
impact on fertility and general health (Rojo-Poveda et al., 2019).

5.4 Antihypertensive activities

Clinical research on cocoa’s effects on blood pressure highlights the
importance of comparing flavanol doses, rather than focusing solely
on the quantity of chocolate or cocoa products consumed (Martinn
et al., 2016). Traditionally, indigenous people of Latin America drank
cold, unsweetened beverages prepared from raw, dried cocoa powder,
frequently mixed with flour and spices (Perez et al., 2015). Fresh
and fermented cocoa beans have a flavanol level of approximately
10% (100 mg/g), but dark chocolate that is sold in stores normally
has a flavanol content of only 0.5%. Research has indicated that the
beneficial impacts of cocoa on blood pressure are related to the
generation of endothelial nitric oxide (NO), which encourages
vasodilation and lowers blood pressure. Cocoa flavanols also
contribute to the antihypertensive qualities of cocoa by inhibiting
the production of the angiotensin-converting enzyme (ACE), which
improves insulin sensitivity and cardiovascular health (Reed, 2020).
The antisickling benefits of T. cacao extract from Cameroon’slittoral
and southwestern areas were investigated. Assessments of the
activities of catalase, SOD, glutathione peroxidase, reduced
glutathione, and malondialdehyde contribute to the investigation of
T. cacao antioxidant potential. Further research was conducted on
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the extracts antisickling properties, osmotic fragility tests, and
principal component analysis (PCA). Focusing on the cocoa extract,
these extracts also exhibit incredibly potent antiradical activity against
the DPPH and ABTS radicals, with IC50 values varying from 4.87 to
19.29 g/ml and 3.24 to 6.35 g/ml, respectively. According to the PCA
results, cocoa extract was better able to prevent haemolysis, lessen

sickling, and regulate enzyme activity when stress was induced
(Rodriguez-Ramiro et al., 2013). These findings indicate that infection
may be treated by using cocoa bean extracts from these areas. The
application of cocoa in the treatment of sickle cell anaemia has gained
interest due to its antisickling properties and additional beneficial
biological activities.

Table 3: Effects of cocoa and cocoa flavonoids on colonic cancer

S. No. Flavonoid Cell Biological activity Output Reference

1. Cocoa Caco-2 Antioxidant acrylamide-incubated cells:   GSH depletion, ROS Rodriguez et al.,
generation,   -GCS,   GST 2011

Anti-inflammatory   PGE2,   COX-1, IL-stimulated cells:   PGE2, Romier et al., 2009;
=IL-8, =NF-B.TNF-treated cells:   IL-8,   COX-2, Rodriguez-Ramiro

  iNOS,   NFB activation et al., 2011

2. Catechin Int-407 Antioxidant   lipid peroxidation,   ROS formation,   GPx,   GR, Cheng et al., 2013

  Nrf2,   HO-1

3. Epicatechin Caco-2 Antioxidant t-BOOH- treated cells:   ROS generation,   LDH, Rodriguez - Ramiro

=GPx, =GST, =GR,acrylamide- incubated cells:  et al., 2013

GSH depletion,   ROS generation

Apoptosis and   t-BOOH-induced caspase-3
proliferation/
survival

LoVo Cell cycle S arrest Tan et al., 2000

4. Hexamer Caco-2 Antioxidant t-BOOH-treated cells:   ROS generation,   LDH  Da silva et al., 2012;
procyanidins DOC-induced cytotoxicity,   oxidant generation, Erlejman et al., 2008

  NADPH oxidase,   Ca2+

Anti-inflammatory TNF-treated cells:   NF-B activation (   p-IkB,   IkB, Erlejman et al., 2008

  p50 and p65 translocation,   NF-B-DNA binding),

  iNOS

5. Polymer Caco-2 Cell cycle G2/M arrest,   ornithine decarboxylase,   S-adenosyl Carnesecchi et al.,
procyanidins methionine decarboxylase 2002

6. Procyanidin Caco-2 Antioxidant acrylamide-incubated cells:   GSH depletion,   ROS Rodriguez-Ramiro
B2 generation,   -GCS,   GST et al., 2011

5.5 Anti-inflammatory activities

Cocoa beans are rich in bioactive compounds, notably flavonoids
and polyphenols, which contribute to their anti-inflammatory
properties. These compounds can modulate inflammatory responses
by influencing signalling pathways and reducing pro-inflammatory
mediators (Nehlig et al., 2013). Prolonged inflammation is linked to
several chronic  diseases,  such  as  cardiovascular  diseases,
neurodegenerative disorders, and some types of cancer. Cocoa’s
bioactive compounds, particularly flavonoids, are believed to
modulate the body’s inflammatory response and reduce excessive
inflammation (Rudrapal et al., 2022). The anti-inflammatory
properties of flavonoids, which are abundant in cocoa and include
epicatechins and catechins, have been thoroughly investigated. It
has been demonstrated that these substances suppress the synthesis
and function of pro-inflammatory molecules, including prostaglandins
and cytokines, which playa key role in the inflammatory process.

(Al-Khayri et al., 2022) state that the flavonoids in cocoa aid in
reducing inflammatory reactions in the body by lowering the amounts
of these pro-inflammatory chemicals. The bioactive substances in
cocoa may also have antioxidant properties, scavenging free radicals
and lowering oxidative stress. The antioxidants in cocoa may indirectly
contribute to its anti-inflammatory properties by lowering inflam-
mation, which can be triggered by oxidative stress. Cardiovascular
health is especially affected by the anti-inflammatory properties of
cocoa. Atherosclerosis, a disorder marked by the accumulation of
plaque in blood arteries, is largely caused by chronic inflammation.
The bioactive components in cocoa support normal blood vessel
function and enhance cardiovascular health by lowering inflammation.
Furthermore, there may be anti-inflammatory benefits of cocoa for
brain function. Neurodegenerative conditions such as Parkinson’s
and Alzheimer’s disease are associated with inflammation. The
bioactive components of cocoa may have neuroprotective effects by
reducing inflammatory reactions, which could enhance cognitive
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performance and brain health. Despite the encouraging data, caution
should be exercised in conducting further studies on the anti-
inflammatory properties of cocoa. To completely comprehend the
scope and clinical significance of cocoa’s anti-inflammatory benefits
in humans, additional clinical trials involving human subjects are
required, as the majority of investigations have been carried out in
lab settings or animal models (Cheng et al.,2013). Numerous
medications, including immunosuppressants and nonsteroidal anti-
inflammatory agents, are available on the market to reduce or combat
this kind of inflammation. Use the lowest effective dose of certain
medications because prolonged use can cause side effects (Rahul et
al., 2023). Furthermore, it is best to take cocoa-based products in
moderate amounts, especially those that have additional sugars and
fats, as excessive consumption may have negative health effects,
such as possible weight gain and dental problems.

5.6 Antimicrobial activities

The antimicrobial benefits of cocoa beans are still being researched
and analysed by scientists. Certain biologically active substances
found in cocoa have demonstrated possible antimicrobial properties
against a range of microorganisms, including viruses, bacteria, and
fungi (Nsor-Atindana et al., 2012). Theobromine is one of the main
bioactive components of cocoa beans that has antimicrobial
properties. It is an alkaloid found in cocoa beans that gives cocoa
mild stimulating effects. Research has shown that theobromine has
some degree of antimicrobial activity, especially against some
bacteria,whichprevents the growth of some oral bacteria linked to
periodontal disease and dental caries. Theobromine’s antimicrobial
activity is generally weaker than that of traditional antimicrobial
agents used in medicine. Furthermore, from theobromine, cocoa also
contains other substances that could be involved in its antimicrobial
properties. According to the research, procyanidins and catechins,
two flavonoids included in cocoa, may have antibacterial qualities
(Nsor-Atindana et al., 2012). These flavonoids are involved in the
antibacterial properties of cocoa since they have shown inhibitory
effects against a variety of bacteria and viruses. Although, the
antibacterial properties of cocoa are not advisable solely to treating
or preventing illnesses. Rather, they enhance cocoa’s allure as a meal
that may be good for health (Akpoghelie et al., 2022). Nowadays,
the use of goods coated with nanoparticles is used in dentistry because
of the benefits of the materials. According to Sreenivasagan et al.
(2020), silver nanoparticles are specifically being used in a variety
of dental products due to their antibacterial qualities.

5.7 Antioxidantactivities

Antioxidants are essential for the body because they counteract the
damaging effects of free radicals. Unstable chemicals known as free
radicals have the potential to damage cells and cause oxidative stress,
which is linked to several chronic illnesses and the ageing process.
This oxidative stress can cause inflammation and damage cells if not
controlled. The antioxidant properties of cocoa beans have been
verified by numerous studies (Martin et al., 2016). According to
a study;  for example,  intake of chocolate  raises haemoglobin  levels
of antioxidants, there by increases the overall levels of antioxidants.
Reductions of oxidative stress in the body have also been linked to
the regular  use of  cocoa-based products. Additionally, studies  have
indicated that cocoa’s antioxidants may be able to fend off a range of
chronic illnesses. Because cocoa contains antioxidants that may
support cardiovascular health and preserve the normal function of

arteries, studies have suggested that consuming cocoa may lower the
risk of cardiovascular illnesses (Nsor-Atindana et al., 2012). Further
research has revealed significant advantages for brain health and
thinking capacity because of the neuroprotective properties of cocoa
antioxidants.

6. Conclusion

Cocoa has a wide range of biological activity and possible health
advantages due to its abundance of bioactive substances, such as
flavonoids and phenolics. It may help to improve brain function and
cardiovascular fitness because of its anti-inflammatory and antioxidant
qualities. It has interesting potential because of its antibacterial
properties and emerging indications of possible anticancer effects.
Further study is required to completely research on the bioactive
compounds in cocoa is still in its early stages. Studies conducted in
laboratories and on animals have shown encouraging findings regarding
its flavonoids and other polyphenols. While cocoa-based products
offer potential health benefits, they should still be consumed in
moderation as part of a balanced diet.
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